In the present study the methyl ester of argemone oil, prepared by two step transesterification process due to its high acid value was experimented, in a variable compression ratio (VCR) multi-fuel engine to evaluate the combustion parameters like in cylinder pressure (Pr), net heat release rate (NHRR) and cumulative heat release rate (CHRR). For the current analysis engine load, compression ratio and bio-diesel blends are taken as input parameters. The mathematical models were developed and statistical significance was checked using analysis of variance (ANOVA). A second order model is developed and is found to be adequate by ANOVA results. The validation of the model is carried out by comparing the predicated values of output responses with that of experimental results.
A B S T R A C T
In the present study the methyl ester of argemone oil, prepared by two step transesterification process due to its high acid value was experimented, in a variable compression ratio (VCR) multi-fuel engine to evaluate the combustion parameters like in cylinder pressure (Pr), net heat release rate (NHRR) and cumulative heat release rate (CHRR). For the current analysis engine load, compression ratio and bio-diesel blends are taken as input parameters. The mathematical models were developed and statistical significance was checked using analysis of variance (ANOVA). A second order model is developed and is found to be adequate by ANOVA results. its toxicity is due to the presence of two alkaloids viz. sangiuinarine and dihydro sangiuinarine. After removal of toxic alkaloids biodiesel can be prepared [5] . Argemone Mexicana belongs to papveracae family and the entire species also belongs to the Mexicana prickle poppy. It is commonly known as shialakanta and satyanashi in India and was found on road side, wasteland and field. The plant have yellow flower, branching herb with yellow juice and height varies between 12-30 centimeters [6] . Combustion parameters in Direct injection compression ignition (DICI) engine were investigated using karanja biodiesel and its blend varying engine load while engine speed were maintained around 1500 rpm [7] . Combustion characteristics showed for karanja oil blends were having shorter delay period and slower combustion leads to longer period for combustion. Lower concentration of blend also alters the combustion process due to improper fuel atomization/mixing process. Higher blends are not suitable for unmodified engine. However, up to 20% blended fuel was recommended without any engine alteration. The effect of varying compression ratio (CR) (16-18) on the combustion parameters of a CI engine fueled with Callophilium innophilium methyl ester (CIME) and its diesel blends were investigated at constant speed and peak load condition [8] . The study revealed that delay period of blends was shorter while combustion duration was more as compared to diesel. The burning efficiency of a VCR engine with CR variation (15-18) with (0-50%) volume was investigated using castor biodiesel [9] . Highest value of gas temperature (mean) is recorded for diesel and it increases with CR for all the blends. Maximum in cylinder pressure is obtained at CR 18 for B50 and it increases with CR. Maximum value of NHRR is obtained for diesel at CR 15 and it decreases with increasing CR. For CR 15 and 18, methyl ester blends is better for B20 and poor for B50. This study is performed to find the effect of CR on emission characteristics fuelled with neat Karanja oil blends (10 and 20%) and Karanja oil methyl ester (KOME) blends (20, 40 and 60%) and compare the results with diesel at compression ratios of 16:1, 17:1, 18:1 [10] . Minimum value of CO is 0.04 for 20% blend of KOME (B20), while maximum CO2 is 4.45% at higher compression ratio is recorded. B40 blend showed lowest hydrocarbon and NOx emissions that are 22 and 552 ppm, respectively. K10 and K20 show marginally higher emissions than diesel. Overall at higher compression ratios B40 has the lowest emissions.
Optimum performance obtained with lower emission at CR 19 with B30 (30% CIME + 70% diesel) using design expert software [11] with designed set of experiments, which was then tested and validated. ANN model based on the standard back propagation algorithm was developed to optimize engine output performance parameter like brake power (B.P.), brake thermal efficiency (B.T.E.), specific fuel consumption (SFC) and smoke intensity using jatropha biodiesel [12] . The optimized result for best blending was found to be jatropha blended diesel fuel 50 at 100% load. The respective output as BP is 4.90 kW, BTE is 29.74%, BSFC is 0.29 kg/kW-h and smoke intensity is 3. The Box_Behnken based RSM method was adopted according to literature [13] to express response, BTE as a function of variation of input. The optimum combination of input parameters of CR 18, IP 220 bar and IT 200 BTDC was suggested after validation of 'Regression Model' is carried out with error less than 1% for maximum BTE.
The analytical approach and modelling of combustion parameters like cylinder pressure, NHRR and CHRR for bio-diesel and its blends were inadequate. Therefore the objective is to formulate mathematical statistical modelling of output responses using response surface methodology and its validation against experimental results.
MATERIAL AND METHODS

Bio-diesel (AMME) preparation
In degumming process, first the oil is preheated. In 100 ml of oil 27 ml of phosphoric acid (H3PO4) is added and then heated on a magnetic stirrer up to 1 hour at a temperature of 55º C. Then the oil is settled on a beaker for 1 day. After that oil is separated and gum particles were removed. After separating the oil, we proceed for the next process i.e. esterification. In esterification process preheat oil is taken, in 100 ml of oil 2ml of sulphuric acid and 22 ml of methanol is added and then heated on a magnetic stirrer up to 2 hours at a temperature of 65ºC. Then the oil is settled on a separating funnel for 1day. After separating the oil from the separating funnel acidic value of the oil is measured as we know that free fatty acid (FFA) value is around half of the acidic value and here FFA value is less than 2 hence we proceed for the transesterification process. If not then repeat the esterification process again until the FFA value is below 2. Here we remove alcohol from the oil. In transesterification process first oil is preheated, then 100 ml of oil is mixed with 22 ml of methanol and 0.7g of potassium hydroxide (KOH) heated on a magnetic stirrer up to 3 hours at a temperature of 60ºC. Then the mixture is settled on a separating funnel for 1 day. Here the residue glycerol is separated from the oil. After that if some amount of alcohol is present in the oil then we can go for further two processes, such as water washing and Heating. We know that alcohol is highly soluble in water and oil floats on water. So we add some amount water in oil and then the mixture is settled on a separating funnel for 1 day. After that oil is separated. Then we heat the oil on magnetic stirrer at 80 ºC to remove the residual alcohols present in the oil. Finally, the sample of clear prepared biodiesel is shown in Figure 1 . 
Biodiesel Properties
The specific gravity and viscosity of Argemone oil was reduced after transesterification process and found to be within the acceptable limit. Argemone Mexicana methyl ester (TEO) biodiesel was characterized by its important physical and chemical properties were measured by the equipments using standard test procedure as per ASTM. The properties of the blended fuel and its comparison with standard diesel are summarized in Table 1 . Due to oxygen content, the lower heating value of the biodiesel and the blend fuels are less than standard diesel. The flash point of biodiesel is still higher than diesel although it was reduced by transesterification process. It is safe to store as small amount of addition of biodiesel increases the flash point of the blend. 
Experimental procedure
The experimental work was executed through a single cylinder, four stroke and vertical fully computerized multi fuel variable compression ratio engine. The engine speed was maintained around 1500±3% rpm by controlling the fuel flow by governor. The engine was tested for standard diesel, B20 and B40 for varying compression ratio from 16 to 18 by adjusting the stroke volume through a tilted cylinder block arrangement. In cylinder and diesel line pressure are measured by two pressure transducers. For pressure crank-angle diagrams, these signals are interfaced with computer. Signals from these pressure transducers are fed to charge amplifier. To communicate signals for top dead center (TDC) and crank angle a high precession encoder is used. The data acquisition system which is interfaced with computer receives signals from charge amplifier and the crank angle encoder to draw p-θ diagram. Lab view based "Engine soft" records various combustion parameter. Pressure data were measured of 10 consecutive engine cycles in order to eliminate cyclic variation and average values were taken to analyze and calculate the combustion parameters such as the peak pressure within the cylinder, NHRR and CHRR.
Design of experiments and data collection
In this study responses as Pr, NHRR and CHRR were approximated during a series of experiments according to the experimental plan established on central composite face centred (CCF) design, as shown in Table 2 to expand the equation of the response surface. In Table 3 the values of these coefficients are reflected. Referring to Table 4 it may be seen that most of the terms in equations (2, 3 and 4) are significant since the p-value connected with these terms is less than 0.05 (95% confidence level). 
Response surface methodology
The relationship between the measured responses and input parameters is determined by RSM producers [14] .
In this regard the collected data is analyzed using regression. Let H be a random variable and x1, x2………
xk be a set of independent variables which are assumed to be continuous. Then
In present study, statistical package of MINITAB 14 software (Math Corporation) was used to develop the experimental planning matrix for RSM and to analyze the collected data. The final models for Pr, NHRR and CHRR so developed are expressed as: 
RESULTS AND DISCUSSION
The purpose of this study is to check the individual and mix effects of engine input parameters on combustion characteristics of C.I. engine fuelled with blends of Argemone oil using RSM based design of experiments. For modelling and analyzing, concept of DoE is very helpful to evaluate combustion characteristics of engine over the range of factors influencing response with minimum number of experiments. RSM is used in the present study for modelling and analyzing the response parameters at different levels of factors that affects the responses.
Analysis of the model
The principal model analysis is based on ANOVA, which gives p value. The analysis of variance for different response parameters such as Pr, NHRR and CHRR are given in Tables 4-6 , respectively. Model found to be significant as the value of p were less than 0.05 (95% confidence level). Second order models for the responses are formed in terms of actual coefficients and are given in the equations 2 to 4. The plots of the residuals and normal probability plots of the residuals versus the predicted response for combustion characteristics (Pr, NHR, and CHR) are shown in Figures 2-4 (determination coefficients) and its value (0.999) for Pr (Table 4) approaches to unity; which shows a good correlation between predicted and experimental values.
The calculated values of F-ratio for lack of fit in Table 4 are compared with the standard values of F-ratio corresponding to their degrees of freedom. The F value (F = 4.59 < 5.05; F 0.05,5,5 = 5.05) for lack of fit is smaller than the standard value indicating that the model is adequate. It has been also seen that R 2 values 0.997 and 0.993 for NHRR and CHRR respectively are very closer to unity and lack of fits are not significant from Table 5 and Table 6 . It indicates that both the models (NHRR and CHRR) are adequate.
The main and interaction effect plot for Pr, NHRR and CHRR have been shown in Figures 5 (a, b, c) and 6  (a, b, c) , respectively. The plots show the variation of individual and interaction responses with three input parameters (L, R and B). In the plot x axis shows the value of each parameter at three level and y axis indicates the response value. From the main effect plots it can be learnt that the Pr increases very sharply with increases load and compression ratio level but not significantly changes the value of Pr with increases of blend. The value of NHRR and CHRR are also increases with increases the load and compression ratio but decreases with increases the blend value. Interaction plots were constructed and from the figures it can be ascertained that all the interactions are important for all the responses. The 3D surface graphs for all the responses (Pr, NHRR and CHRR) are shown in Figures 7-9 . All the surface graphs have curvilinear profile in accordance to the quadratic model fitted. It has been observed that all the three combustion parameter (Pr, NHRR, and CHRR) values increases with increasing the load and compression ratio but hold value of blend on the engine. Similarly, output parameter values are also increasing with increases the load and blend for holding the value of compression ratio ( Figures 7b, 8b and 9b) . From the Figure 7 (c) it is indicated that the cylinder pressure increases with increased value of compression ratio and proportion of bio-diesel in the blended fuel and vice versa with hold value of load on the engine. Figure 8 (c) reflects that NHRR gradually increases from the mean value of compression ratio and blend percent up to the central values and reaches the peak value nearly at the central values of both the input control factors. Again, in the range of central value to maximum value of the input parameters compression ratio and blend percent, the output NHRR follows a decreasing trend. It is displayed in the Figure 9 (c) that CHRR is higher for initial values of both the compression ratio and blend percent and then it decreases towards the central values. This might be due to burning of the accumulated fuel in the initial part of the combustion process. Further it is observed that NHRR stabilised to a minimum value and then gradually increases with the increase of compression ratio and blend percent and reaches the maximum value for the highest value of both the control parameters. 
Sensitivity analysis
The sensitivity equations for load and NHRR in (2) and (3) are differentiated with respect to input parameters. The sensitivity equations (5) to (10) represent the sensitivity of pressure and net heat release for load, compression ratio and blend respectively. 
Sensitivity of Pr and NHRR to L, R and B as calculated from equations (5)- (10) are shown in tables 7 and 8 and Figure 10 and Figure 11 respectively. In small variation of load causes large changes in Pr and NHRR when the load increases. The results reveal that the Pr and NHRR are more sensitive to load than compression ratio and blend of the fuel. 
CONCLUSION
Argemone mexicana methyl ester was tested for combustion analysis with variation of blends, load and compression ratio. Quadratic model is formulated for output responses (Pr, NHRR and CHRR. The results of ANOVA suggested that the proposed model is best fit and the validation of the models are carried out by comparing the predicted values of output responses with that of experimental results. The sensitivity analysis revealed that load is most important parameter for the output responses followed by compression ratio and blend.
